As ultrasound (US) is simple and less invasive than other imaging modalities, this technique is widely used for mass screening. However, visualizing the entire pancreas due to complicated anatomy, obesity and overlying gas can be difficult. US plays a key role in the diagnosis of pancreatic carcinoma (PC), of which tumors smaller than 10 mm (TS1a) and pancreatic carcinoma in situ are expected to have good prognosis. To detect these forms of PC, main pancreatic duct (MPD) dilatation (3 mm or more) and pancreatic cysts (5 mm or larger) are US findings of high-risk individuals (HRIs), and these subjects should be observed periodically. Scanning maneuvers are also important for both screening for PC and follow-up of HRIs. As lesions in the groove area and ventral pancreas do not affect the MPD or extrahepatic bile duct, we should pay attention to these areas. Visualization of the tail is also challenging due to gas and stool in the alimentary tract. As the position of the pancreas changes depending on the body posture, and several different body positions should be employed, such as the right lateral decubitus, sitting, and upright positions, rather than only applying strong compression with the transducer. In cases with poor visualization, the liquid-filled stomach method is highly recommended. (Gut Liver 2020;14:37-46) 
INTRODUCTION
As ultrasound (US) is simple and less invasive, it is widely used for mass screening and initial imaging for suspected cases of pancreatobiliary diseases in Japan. However, the pancreas is a slender organ located deep inside behind the stomach, and it is sometimes difficult to visualize the entire pancreas due to complicated anatomy, obesity and overlying gas.
Pancreatic carcinoma (PC) is a serious condition. Sensitivity of US in detecting PC is approximately 75% to 98%. 1, 2 However, tumor detection rates of US and computed tomography (CT) of PC with stage1 (invasive carcinoma with tumor diameter of <20 mm confined within the pancreas, along with the absence of regional lymph node metastasis [N0] and distant metastasis [M0]) are only 67.3%, 65.8% respectively, and significantly lower than 92.4% of endoscopic ultrasonography (EUS). 3 In order to detect PC with good prognosis, we should clarify risk factors for PC such as a viral infection in hepatocellular carcinoma. In 2016, the Japan Pancreas Society (JPS) published clinical guidelines for PC 4 suggesting some factors of high-risk individuals (HRI) ( Table 1) . Patients with more than one risk factor are recommended to undergo further examinations to detect PC. As some US findings such as dilated main pancreatic duct (MPD) and pancreatic cysts are also indicative factors of HRI (Table 1) , US could contribute to not only pick up HRI, but detect PC with good prognosis by the periodical follow-up with US. 5, 6 To evaluate the entire pancreas in HRI, we should employ a variety of scanning methods, such as changing the patients' body position and the stomach filling method, 7 and use highresolution transducers with magnified images to detect small lesions and delineate the MPD. The aims of this review are to summarize the characteristics of PC with good prognosis, important US findings, pitfalls of pancreatic examinations, and practical solutions. Using a mathematical model, Yachida et al. 10 estimated an average of 11.7 years from the initiating carcinogenesis until development of the parental clone, an average of 6.8 years to the development of metastatic subclones within the primary PC, and an average of 2.7 years until the death of patients. Theoretically, there are a few years to detect PC in early stage. According to the Japan Pancreatic Cancer Registry, the 5-year survival rates of patients diagnosed with the Union for International Cancer Control (UICC) stage IA and stage IB were 68.7%, and 59.7%, respectively. 11 When the tumor size was 10 mm or smaller (TS1a), the 5-year survival rate reached 80.4% and was significantly higher than that of cases with tumor size larger than 10 mm (TS1b). 11 According to the latest multicenter study in Japan, the estimated overall survival rates at 10 years after the resection for stage I (TS1a) and stage I (TS1b) were 93.8%, and 78.9%, respectively. 3 Although the difference was not statistically significant, overall survival rates tended to be lower in the stage I (TS1b) cases. 3 However, in cases where the primary tumor of 10 mm already has a probability of 28% of harboring metastases at diagnosis; as the primary tumor size increases to 20 mm and 30 mm, the risk of harboring metastases increases to 73% and 94%, respectively. 12 These results suggest tumor size 10 mm or smaller (TS1a) could be defined as PC with good prognosis now (Fig. 1) . But we should sustain our effort to detect much smaller PC.
PANCREATIC CARCINOMA IN SITU
PC develops through a stepwise progression from precursor lesions. Hruban et al. 13 reported a genetic progression model from the precursor lesions named pancreatic intraepithelial neoplasia (PanIN) to PC. According to their progressions, the extent of atypia was classified as PanIN-1 (low-grade dysplasia), PanIN-2 (moderate-grade dysplasia), and PanIN-3 (high-grade dysplasia). Pancreatic carcinoma in situ (PCIS) are classified as PanIN-3.
The 5-year survival rate and estimated overall survival rates at 10 years after the resection of cases with UICC stage 0 (PanIN-3/PCIS) were 85.8% 11 and 94.7% 3 , respectively. However, the corresponding proportion of stage 0 cases accounted for only 1.7%.
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As PCIS usually do not show any formed mass lesions, most PCIS were usually detected by the MPD dilatation (76.5%), and seldom by the MPD stenosis (5.9%) and tumor detection (8.8%). 3 The number of abnormal findings of US, CT, and EUS in PCIS was significantly lower than that in stage I (p<0.01). 3 According to some recent pathological research, PCIS is frequently accompanied by localized pancreatitis with infiltration of inflammatory cells, fibrosis, and fatty infiltration in the parenchyma. [14] [15] [16] [17] [18] Abnormal findings of the MPD, such as irregularity, non-continuous narrowing, granular defects, and dilatation were the most important findings observed by endoscopic retrograde cholangiopancreatography. 19 EUS can detect localized pancreatitis or fatty infiltration around PCIS as a slightly low echoic lesion. 16, 20 These results suggest that we should employ the high-resolution transducer with magnified images and trace the MPD to pick up not only cases with dilated MPD but cases with stenotic MPD accompanied with branch duct dilatation and/or faint hypoechoic area (Fig. 2) . 
IMPORTANT US FINDINGS FOR SCREENING
According to the manual for abdominal ultrasound in cancer screening and health checkups, 21 solid lesions, cystic lesions, calcifications, MPD dilatation, morphological abnormality (swelling or atrophy), and localized swelling should be detected and evaluated through mass screening.
Solid lesions
Their number, echogenicity, contour, internal structure, and relationship with MPD are useful US findings for differential diagnoses.
Both PC and pancreatitis result in heterogeneous consistency, returning echoes of lower amplitude than normal. 22, 23 As the tumor grows, PC develops a central hyperechoic area. 24 The contour is basically clear and irregular reflecting the invasive growth of PC but becomes relatively unclear with involvement of inflammatory changes in many cases. 24 Spinous structures which correspond to the irregular invasion into the pancreatic parenchyma pathologically, were characteristic and observed in 31.0% of PC less than 20 mm. 25 However, cystic components which correspond to the necrosis were rare. 25 The presence of MPD dilatation at the caudal part of the lesion, especially accompanied by irregularity of the MPD is a characteristic of PC.
24,25
Cystic lesions
The prevalence of pancreatic cysts in asymptomatic individuals in the general population is 2.4% to 3.5%, [26] [27] [28] and increases with age and has higher incidence in females. 28 The location, number, contour, internal structures, internal echo texture, and communication with the MPD are useful findings for differential diagnoses. 29 The presence of solid components including thickened cystic wall and mural nodule is closely related to the malignant potential of cystic lesions. 30 Furthermore, whenever pancreatic cysts are encountered in patients of cancer-prone age without a history of pancreatitis, the proximal pancreas should be carefully examined to exclude PC. 31 Presence of cysts (5 mm or larger) is also recognized as US findings for HRI. Prevalence of pancreatic cysts in asymptomatic HRI is 38.9%, which is significantly higher than in the general population, and 60.7% had multiple lesions. 32 The hazard ratio was 6.23 (p=0.003) and the cumulative 5-year risk of PC was high at 1.84% (95% confidence interval [CI] 0.88% to 3.82%) in subjects with cysts. 6 So, periodical follow-up for those subjects is highly recommended for early detection of PC.
Calcifications
Calcifications inside the MPD could be diagnosed as pancreatolithiasis. As solid pseudopapillary neoplasms and neuroendocrine neoplasms sometimes contain calcification inside lesions, 24 check the surrounding echotexture to rule out those solid mass lesions.
MPD dilatation
The incidence of MPD dilatation in the body detected by US in the general population was reported to be not high, at most 1.25% for 3 mm or more. 33, 34 The diameter of the MPD was measured between the upper edge of the anterior line and the posterior line of the MPD and rounded off to one decimal place.
As the diameter of the MPD may change during the examination, 35 we should measure the diameter at least twice in the body on the transverse scan with magnified images. MPD dilatation is a common US finding with PC. The incidence in smaller than 10 mm (TS1a) and PCIS is 59% to 74.3% 3, 25, 36 and 76.5% respectively. 3 To rule out the occult PC and IPMN, evaluate the presence of stricture of the proximal side or protruded papillary lesions inside the dilated MPD. 21 To evaluate those findings precisely, the high-resolution transducer with magnified images are essential. The dilatation of MPD (3 mm or more) is also recognized as US findings for HRI. The hazard ratio was 6.38 (p=0.018) and the cumulative 5-year risk of PC was high at 1.84% (95% CI, 0.88% to 3.82%) in subjects with MPD dilatation. 7 Periodical survey for those cases is also recommended for early detection of PC.
Morphological abnormality (swelling or atrophy)
The size of pancreas is different from individual to individual. The dimensions of the head, body, and tail of the pancreas cor- 
Localized swelling
In general, a normal pancreas has a similar sized head and tail with a thinner body. Localized swelling is defined as the localized thickness of pancreatic parenchyma with smooth contour. 21 The most important targets of this finding are PC and autoimmune pancreatitis. In cases of decreasing echogenicity, irregularity of echotexture, and blurriness of MPD inside the swollen area, 21 further examination is highly recommended.
PITFALLS OF PANCREATIC EXAMINATIONS
The pancreas is usually divided into three parts: head, body and tail. The lower part of the head is called the uncinate process (Fig. 3) . 39 
Pancreatic head
The pancreatic head is larger when examined and measured in the cranio-caudal diameter compared to the other pancreatic diameter. 40 Common US findings suggesting pancreatic head carcinomas include dilatation of the extrahepatic bile duct (EHBD) and/or MPD. However, PC arising from the uncinate process does not show those findings until very late stage. 41 As PC in the groove area is also not accompanied by the dilatation of the MPD, 42 we should also pay attention to those areas. Therefore, the marginal area between the duodenums, especially the caudal parts should be delineated to rule out PC.
Pancreatic tail
According to the sensitivity in detecting pancreatic cysts (5 mm and larger) comparing to the MRI, routine US had a sensitivity of 70.2% for all cysts. 7 When the sensitivity was examined in parts of the pancreas, routine US had a sensitivity of 74.2% in the uncinate process, 69.5% in the head, 81.0% in the body, 67.0% in the body-tail, and only 26.7% in the tail. 7 According to another study using a CT-fusion image, the pancreatic tail was completely identified in only 33% by left intercostal scanning in spine. 43 About 25% of the tail was unobservable and positively correlated with body mass index and waist circumference. 43 The limitation in the depiction of the pancreatic tail may be attributed to shadowing from gas in the stomach and stool in the colon, and this part is a main candidate for practical solutions which will be mentioned later.
BASIC SCANNING METHODS
Transverse and longitudinal upper abdominal sections are used to visualize the pancreas, as well as oblique intercostal and subcostal sections, especially for the head and tail. To obtain the broad range of visualization of the pancreas, start the examination with the patient in supine position, then employ the left lateral decubitus position with suspended inspiration and expiration.
Upper abdominal longitudinal scans
Place the transducer longitudinally on the upper abdomen, and define the aorta (Ao), celiac artery (CA), superior mesenteric artery (SMA), and splenic vein (SV). Notice the pancreatic body above the CA and SMA, and check the caliber of MPD (Fig. 4a) . Move the transducer to the left in parallel steps, and try to define the pancreatic tail and left kidney (LK), adjusting the focus deeper to get good images (Fig. 4b) . Return to the Ao and move the transducer to the right side, and define the superior mesenteric vein (SMV). After magnifying the image, delineate the uncinate process which lies posterior to the SMV at this section (Fig. 4c) . Move the transducer further right to define the inferior vena cava (IVC), and delineate the pancreatic head and EHBD above the IVC (Fig. 4d) . Move the transducer further to the right side to define the descending part of duodenum or gallbladder, and delineate the entire pancreatic head.
As gas moves with the postural change, repeat this tail-tohead pass in both the supine and left lateral decubitus positions. In cases of poor pancreatic head imaging, trace the entire EHBD in left decubitus position (Fig. 5) , 44 then move the transducer parallel from the descending part of the duodenum to the SMV to check the entire pancreatic head.
Upper abdominal transverse scans
Start scanning from the liver to reduce image degradation due to overlying gas of the stomach (Fig. 6a) . Move the transducer caudad and define the SMA and SV. Notice the pancreatic tail above the SV and LK (Fig. 6b) . Adjust the focus deeper to get good images. Angle the transducer up and down over the pancreatic tail synchronizing with respiration to visualize the entire pancreatic tail. Then rock the transducer to the left side to trace the tips of pancreatic tail. As the pancreatic body to tail is slightly oblique from the lower right to the upper left, rotate the transducer to the same angle (Fig. 6c) . At this point measure the diameter of MPD with magnified images.
Move the transducer to the right toward the pancreatic head (Fig. 6d) . As the angle between the head and body is almost perpendicular, the transducer should be rotated from the transverse to the longitudinal section. After delineating the MPD and EHBD (Fig. 6e) , move the transducer caudad to the transverse part of the duodenum. To detect PCIS, the MPD and accessory pancreatic duct should be traced with the high-resolution transducer with magnified images (Fig. 7) .
As gas moves with the postural change, repeat this liver-tohead pass in both the supine and left lateral positions. In case of poor pancreatic head imaging, use the gallbladder as an echo window. After defining the gallbladder, move the transducer a little caudad rotating counterclockwise to visualize the EHBD and pancreatic head (Fig. 8) .
Left intercostal scanning
As the pancreatic tail extends quite far posteriorly, scan the pancreatic tail not only from upper abdomen but from left intercostal (Fig. 9) .
Place the transducer longitudinally on the left intercostal space, and define the LK. Move the transducer just a few intercostal spaces anteriorly angling a little upward, in order to see the part of the pancreatic tail, which lies caudal to the SV. To scan the entire pancreatic tail, adjust the focus deeper and angle (tilt) the transducer in a fan-shaped pattern.
PRACTICAL SOLUTIONS
As positions of the pancreas change inside the body depending on posture, several different positions should be employed, such as the right lateral decubitus, sitting, and upright instead of only compressing strongly with the transducer. In cases with poor visualization instead of those postural changes, the liquidfilled stomach method with several positions is recommended.
Employing the liquid-filled stomach method in the Fowler position increases the detectability of pancreatic cysts (92.2%) more than routine US in the supine position (70.2%). 7 
Right lateral decubitus position
As normal pancreas has thin capsule and relatively little in- ternal fibrous or muscular structure, both position and shape are determined partly by gravity and by the pressure of surrounding structures such as liver. After changing from the supine to the right decubitus position, some shift of the head towards the lower extremity of the right lobe of the liver, with apparent shortening of the body, and medial displacement of the tail is usually observed. 45 As for HRI, the right lateral decubitus position should be employed to move the pancreatic tail into the shallower part of the abdomen. Lesions in the tail can be delineated with the highfrequency US transducer or linear probe in this position (Fig. 10 ).
Fowler and sitting position
As the liver and gastrointestinal tracts descend slightly down to caudad, and the liver serves as an acoustic window for the pancreas in the Fowler and sitting position, the visualization of the pancreas improves (Fig. 11) .
Since patients should maintain this position without the stress and strain of abdominal muscle, an examination table with an adjustable backrest is preferred instead of patients placing their hands behind their back. 7 Usually, the backrest is adjusted from approximately 30° to 60°. This position is useful for elderly people to avoid having to hold their breath. The left intercostal scanning at this position also improve longitudinal image of the pancreatic tail since detection depth is shallower. 46 
Liquid-filled stomach method
The water distention of the stomach and duodenum better outlines the anatomic boundaries and character of the pancreas. Crade et al. 47 ask the patient to drink 300 mL of tap water in the right decubitus position using a straw to minimize amount of swallowed air. Following imbibition change the position from the supine to the slight right-side-down decubitus, and the severe right-side-down decubitus position to move the water from the stomach body, antrum, to the duodenum, and scan the tail, body, and head, respectively. Patients may also drink 200 to 300 mL water or tea at the sitting position without a straw. Air bubbles may be observed, but soon dissipate. Start scanning for the tail and body in the supine or Fowler position with the right anterior oblique position. However, as the pancreatic tail still locates deeply dorsal in the Fowler and sitting position, the image of pancreatic tail cannot be visualized precisely in some cases. In this situation, the right decubitus position using high resolution transducer with magnified image may be useful for the precise visualization not only for the tail but also the head (Fig. 12) .
If these maneuvers fail to permit visualization of the pancreas, scan the patient at the upright position, thereby bringing the liver down as low as possible. 48 
CONCLUSIONS
Understanding of the US findings of PC and HRI and adopting various maneuvers will enable us to visualize a wider range of pancreas and detect PC in its early stages.
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